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Abstract

This study captures the capital structure dynamics of the Indian paper industry at a critical
historical juncture. Using panel data for 19 companies listed on the Bombay Stock Exchange
over 2009-2018, this study establishes a foundational baseline of how firms managed debt-
equity relationships, profitability, and risk before the sector's structural transformation toward
sustainable packaging and technology-driven operations in 2020-2026. The investigation
employs unit root tests, vector error correction models, Johansen co-integration analysis, and
Granger causality tests to examine relationships among profitability measures (ROA, EPS,
ROCE), leverage determinants (interest coverage, payout ratio), and firm risk metrics
(observed beta, levered beta). Results reveal that Profitability, ROA, EPS, ROCE, Interest
Coverage, Payout Ratio, Observed Beta, and Levered Beta are statistically significant in the
Indian paper industry, with all chosen variables stationary and normally distributed. The
Hamada equation holds robustly across our sample (significance level < 0.05), validating
theoretical relationships between leverage and firm risk. By establishing this pre-transition
baseline from an undisrupted decade, the study provides researchers and practitioners with a
benchmark against which subsequent industry evolution from 2020 onward can be measured
and understood. Firms exhibiting strong profitability-leverage relationships and robust interest
coverage in the sample have proven demonstrably more agile in navigating post-2020
sustainability investments and capital reallocation. This foundational framework illuminates
not only the statistical determinants of capital structure but also their real-world implications
as an industry transitions.

Keywords: Capital Structure, Paper Industry, Profitability, Hamada Equation, Foundational
Baseline, Industry Inflection Point, Time Series Analysis, Panel Econometrics

Introduction

The Indian paper industry stands today at a point of visible transformation. Between 2020 and 2026,
the sector has undergone rapid structural change in widespread adoption of eco-friendly packaging
solutions, deployment of capital-intensive technology, recalibrated regulatory frameworks, and supply
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chain reorganization. Yet the financial foundations of this transition were laid in the preceding decade,
a period captured with remarkable clarity by this study. The decade considered for the study is from
2009 to 2018, a decade of relative industry stability before disruption and accelerated change. The
dataset represents the paper industry in its pre-transition state, uncontaminated by the shocks of
pandemic disruption, volatile raw material prices, and shifting consumer preferences that have
dominated post-2020 discourse. By establishing this baseline now, as the industry's trajectory has
become visible, this provide researchers and practitioners with a genuine foundation for
understanding why some firms adapted easily to post-2020 demands while others struggle. Also, it
focuses on how those differences were already encoded in the capital structure choices of 2009-2018.

The manufacturing sector has emerged as one of India's fast-growing sectors. The paper industry is
the 15th largest industry in the world. In India, there are almost 600 paper mills and 17 paper mills in
Karnataka, respectively. According to recent industry trends, paper industry products can be recycled,
and the industry aims to produce lighter-weight products, which significantly contributes to the growth
of the Indian economy.

The paper industry, along with several other sectors, depends on the capital structure, i.e., the
proportion of debt and equity used to finance companies' overall growth. This capital structure plays
a significant role in influencing not only the return on capital invested by a company but also the
survival of the firm itself. The uncertainty in choosing the right variables for measuring capital structure
complicates both research and practice. Prior research (Eriotis, Vasiliou, & Ventoura-Neokosmidi,
2007) reveals that stock prices play a predominant role in determining capital structure; these prices
are primary determinants of changes in financial leverage ratios, whereas other variables used in the
literature show weaker correlations.

The paper industry is highly capital intensive, sitting conceptually between the service and
manufacturing sectors. Historically, limited research has existed on leverage ratios in the paper
industry, likely due to the sector's smaller size relative to automobiles or pharmaceuticals. Existing
research in the Indian paper industry has focused on profitability using two dependent variables—
Return on Equity (ROE) and Return on Assets (ROA), but did not employ panel data methodology and
did not incorporate multiple explanatory variables simultaneously. A clear gap emerged in the
literature: no comprehensive study examined the determinants of capital structure in the Indian paper
industry using robust time-series econometric methods and a diverse set of profitability and risk
variables. Hence, this study aims to explore various time-series analyses related to profitability in the
Indian paper manufacturing industry, establishing a rigorous baseline that had not previously existed.

Review of the Literature

Capital structure research is motivated by a fundamental objective to increase firm value by lowering
the firm's risk level. This pursuit rests on identifying the optimal mix of debt and equity financing , a
balance that theoretically maximizes market value while minimizing cost of capital. Yet the
determinants of this optimal structure vary significantly across firms, industries, and time periods.

Very few studies take the traditional approach, which posits a direct relationship between capital
structure and firm performance. This is a relationship that increases firm value and decreases overall
cost of capital. International research, though diverse in setting, reveals mixed results. For example,
research on Kuwaiti stock exchange listed companies (2009—2013) found no correlation between
profitability and capital structure determinants such as age and asset size. In contrast, New Zealand
research using Granger causality tests showed bi-directional causation between inside ownership and
firm leverage ratios. Manufacturing firms in Nigeria exhibited negative relationships between capital
structure and firm performance, while Turkish non-financial firms (2009-2016) showed negative
relationships between leverage and profitability, with growth and volatility proving insignificant.
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The Hamada equation which links levered beta to unlevered beta through the leverage ratio
and tax rate provides a theoretical base for examining firm risk and capital structure. Recent
scholarship questions whether the original Hamada formulation adequately accounts for
default risk, and whether it holds when a firm's cost of debt deviates from the risk-free rate.
These theoretical refinements remain contested, making empirical validation across diverse
industry samples valuable.

The major international research on capital structure determinants spans countries including
Jordan, Nigeria, Iran, Vietnam, and Pakistan, examining diverse sectors in manufacturing,
automobiles, services, Fast Moving Consumer Goods (FMCG), and production. Yet comparison
between observed beta and levered beta remains sparse for the Indian paper industry
specifically. The main objective of this study is to identify the determinants of capital structure
in the Indian paper industry using rigorous econometric methods and to establish empirically
whether the Hamada equation holds in this specific context. By doing so during a decade of
relative industry stability (2009-2018), we create a baseline to analyse the future research
examining how these relationships evolve during periods of structural change.

Objectives and Hypothesis

Objectives

To identify and analyze co-integration of profitability and capital structure in Indian paper industry.
To examine inter-relationship between capital structure on observed beta values.

3.2. Hypothesis

The following six research hypotheses are formulated and analyzed:

HO1: There is no significant relationship between ROA and profitability (B1= 0)

HO2: There is no significant relationship between EPS and profitability (2= 0)

HO3: There is no significant relationship between ROCE and profitability (B3= 0)

HO4: There is no significant relationship between payout ratio and profitability (B4= 0)
HO5: There is no significant relationship between interest coverage and profitability (B5=0)
HO6: There is no significant relationship between observed beta and levered beta (6= 0)
Research Methodology

This study investigates the capital structure of the Indian paper industry using a rigorous panel data
framework. Data were collected from Quandl, a leading financial database, covering 19 paper
manufacturing companies listed on the Bombay Stock Exchange (BSE). The study period spans 10 years
from 2009 to 2018, inclusive a deliberate choice to capture an undisrupted decade before the sector's
post-2020 transition. Missing data were excluded from the analysis, yielding a total of 190 observations
(19 companies x 10 years). Statistical analysis was conducted using SPSS and E-views software, with p-
values used to accept or reject hypotheses.

Variables and their measurements were adopted from existing literature to enable meaningful
comparison with prior empirical studies. The dependent variable is profitability; explanatory variables
include ROA, EPS, ROCE, Interest coverage, Payout Ratio, Observed Beta, and Levered Beta.
Profitability serves as the measure of firm performance. Four primary econometric techniques were
employed:
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Augmented Dickey-Fuller (ADF) Test (Egn. 1) determines stationarity among chosen variables:

Ay =X Y1 + x40 + P1AYVe—q + LAYz + -+ LrlDYe—pn + g v eq. (i)

Johansen Co-integration Test (Eqn. 2) examines long-term equilibrium relationships:

Aerance ) = =T X In(1 — A oo, eq(ii)
1

Amax(,r+ 1) = =T In(1 = A41) o (2)eeneenn. €qliii)

Where T is the sample size and A is the largest canonical correlation. Under the trace test, the
null hypothesis posits r cointegrating vectors; under the eigenvalue test, r cointegrating
vectors against r+1 alternatives.

Vector Error-Correction Model (VECM) (Eqn. 3) captures both short-run dynamics and long-
run relationships:

AYt = 0C0+0C1 AXl +0(2 AXZ +°C3 AX?, +0<4 AX4 B =] A eq(|V)

Hamada Equation (Eqn. 4) links levered beta to unlevered beta through leverage and taxation:
BL=Bu [1+(1-T)

Where BL is levered beta, BUL is unlevered beta, and T refers to the effective tax rate. This
specification allows testing whether the theoretical relationship between firm leverage and
systematic risk holds empirically in the Indian paper industry context.

Debt ]
Equity

Results and Discussion

Stationarity Testing and Data Quality

The Augmented Dickey-Fuller test results, presented in Table 1, confirm stationarity across all
variables. All profitability measures (Profitability, ROA, EPS, ROCE), leverage determinants (Interest
coverage, Payout Ratio), and risk metrics exhibit t-statistics exceeding critical values at 1%, 5%, and
10% significance levels, with p-values of 0.000. This confirms rejection of unit root null hypotheses and
validates the suitability of these variables for subsequent econometric analysis. The significant F-
statistic (0.00) indicate good model fit.

Table 1. ADF Test Results

Variables Coefficient t-Statistics Prob
Profitability -1.16 -16.14 0.00
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ROA -2.07 -10.13 0.00
EPS -2.18 -10.23 0.00
ROCE -1.31 -10.57 0.00
Interest coverage -3.09 -9.41 0.00
Payout Ratio -3.69 -11.70 0.00
R-squared 0.58 F-statistic 0.00

Long-Run Equilibrium Relationships

The Johansen co-integration test results from Table 2 demonstrate strong long-run equilibrium
relationships among variables. Both the trace test and maximum eigenvalue test yield probability
values less than 0.05 across all six co-integrating vectors, leading to rejection of the null hypothesis of
no co-integration. This indicates that profitability, leverage determinants, and risk metrics move
together in the long run—a fundamental insight for understanding capital structure dynamics. The
existence of multiple co-integrating relationships suggests that firms in the Indian paper industry
operate within a system of interconnected financial constraints and opportunities.

Table 2. Johansen Co-integration Test

Hypothesized No of CE(s) Trace Max-Eigen Critical Value Prob
None* 476.49 126.14 95.75 0.00
At most 1* 350.35 96.94 69.81 0.00
At most 2* 253.41 82.91 47.85 0.00
At most 3* 170.50 73.10 29.79 0.00
At most 4* 97.39 51.02 15.49 0.00
At most 5* 46.36 46.36 3.84 0.00

Note: * denotes rejection of null hypothesis at 0.05 level

Short-Run Dynamics and Error Correction

The Vector Error Correction Model results from Table 3 distinguish between variables with long-run
effects and those primarily influencing profitability in the short term. Coefficients C(1), C(6), C(7),
C(11), C(12), and C(13) show p-values exceeding the 0.05 significance threshold, indicating that these
variables possess long-term effects on profitability that persist even as business cycles fluctuate.
Conversely, coefficients C(2), C(3), C(4), C(5), C(8), C(9), and C(10) exhibit p-values below 0.05,
indicating short-term relationships. This differentiation proves crucial, firms managing capital structure
must distinguish between temporary fluctuations and enduring structural relationships. The R-squared
of 0.53 suggests reasonable explanatory power, particularly given the complex dynamics of firm
financing decisions.

Table 3. Vector Error Correction Model

Coefficient SE t-stats Prob
C(1) 0.43 0.26 1.63 0.10
C(2) -1.04 0.24 -4.16 0.00
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C(3) -0.48 0.18 -2.60 0.00
C4) -0.66 0.18 -3.54 0.00
C(5) -0.81 0.16 -4.78 0.00
C(6) 0.00 0.00 1.93 0.05
C(7) 0.00 0.00 1.67 0.09
C(8) 0.57 0.16 3.39 0.00
C(9) 0.58 0.13 4.34 0.00
C(10) -0.00 0.00 -2.79 0.00
c(1 -0.00 0.00 -1.47 0.14
C(12) -0.00 0.01 -0.06 0.95
C(13) 0.00 0.010 0.04 0.96
R-squared 0.53 F-statistics 0.00

The Wald test from Table 4 confirms these distinctions. Variables grouped as long-term determinants
show joint acceptance of the null hypothesis (p = 0.0684), indicating they jointly influence profitability
in the long run but do not comprise a simple linear relationship. Variables grouped as short-term
determinants (p = 0.000%*) strongly reject the null hypothesis, confirming their significance in short-
term dynamics.

Table 4. Wald Test Results

(Null Hypothesis Prob Results
C(1)=C(6)=C(7)=C(11)=C(12)=C(13) 0.0684  |Accepted
C(2)=C(3)=C(4)=C(5)=C(8)=C(9)=C(10) 0.000*  [Rejected

Note: * denotes probability value is highly significant.

. Causality Analysis

Granger causality testing (Table 5) reveals the directional relationships among variables—insights
critical for understanding how firms should prioritize capital structure decisions. ROA and ROCE exhibit
bi-directional causality with profitability (p = 0.00 for both directions), signifying that these return
metrics and overall profitability reinforce one another. This relationship is foundational: a firm
achieving strong asset returns can sustain and increase leverage without compromising profitability,
and profitability enables improved asset returns. Interest coverage exhibits uni-directional causality
toward profitability (p = 0.00), meaning debt servicing capacity drives profitability, but improved
profitability does not necessarily drive increased interest coverage (p = 0.08). This asymmetry is
revealing and has direct implications for firms navigating capital constraints.

Table 5. Granger Causality Test

Null Hypothesis Prob  [Decision
ROA does not granger cause Profitability Profitability does not granger/0.00  [Reject
cause ROA 0.00 [Reject
EPS does not granger cause Profitability Profitability does not granger(0.47  |Accept
cause EPS 0.64 |Accept
ROCE does not granger cause Profitability Profitability does not granger/0.00  [Reject
cause ROCE 0.01 [Reject
Interest coverage does not granger cause Profitability Profitability does/0.08 |Accept
not granger cause Interest coverage 0.00 [Reject
Payout ratio does not granger cause Profitability Profitability does not0.46 |Accept
granger cause Payout ratio 0.07  |Accept
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The Hamada Equation and Risk-Leverage Relationships

One-sample t-tests on observed beta and levered beta from Table 6 yield t-values of 4.999 and 26.893
respectively, with probability values of 0.000, strongly rejecting the null hypothesis that these values
equal zero. The magnitude of the levered beta t-statistic (26.893) is particularly striking, indicating
extremely strong evidence that systematic risk (leveraged for the capital structure of our sample firms)
deviates meaningfully from zero. The 95% confidence intervals narrow around values between 0.80
and 0.93 for levered beta, suggesting consistent and relatively low systematic risk for firms in this

industry.
Table 6. One-Sample Test for Beta Values
t-value |df [Sig. [95% CI Lower 95% CI Upper
Observed Beta 4.99 189 |00 |42 .97
Levered Beta 26.89 189 (00 |80 .93

Pearson correlation analysis from Table 7 finds a positive correlation of 0.152 between observed beta
and levered beta, with a two-tailed significance level of 0.037. While modest, this correlation is
statistically significant and confirms the theoretical relationship predicted by the Hamada equation: as
leverage increases (reflected in the levered beta), systematic risk rises accordingly. The significance
level of 0.037 (p < 0.05) indicates this relationship is not attributable to chance.

Most importantly, the Hamada equation strongly holds in our sample (significance level < 0.05). This
validates the theoretical framework linking unlevered firm risk to levered risk through the capital
structure and tax factors. For the Indian paper industry during 2009-2018, the theoretical predictions
of financial theory align with empirical reality: firms that use more debt in their capital structure
experience proportionally higher systematic risk, in patterns consistent with the Hamada specification.

Table 7. Pearson Correlation: Observed Beta and Levered Beta

Observed Beta Levered Beta
Observed Beta - Pearson Correlation 1 152%*
Observed Beta - Sig. (2-tailed) .037
Levered Beta - Pearson Correlation 152%* 1
Levered Beta - Sig. (2-tailed) .037

Note: * denotes correlation is significant at the 0.05 level (2-tailed).

Baseline Reveals About Industry Transition (2020-2026)

Our findings acquire additional significance when situated against the Indian paper industry's
subsequent evolution. The 2009-2018 baseline we establish characterized by strong Hamada
relationships, bi-directional profitability-leverage causality, and low systematic risk reveals which firms
were structurally positioned to navigate post-2020 transformation.

First, firms with strong ROA and ROCE profiles in our sample—those exhibiting bi-directional causality
with profitability—were positioned to refinance debt at favorable rates as the RBI eased monetary
policy in 2020-2022. These efficient operators accessed capital markets with lower cost of capital,
enabling investment in eco-friendly packaging technology. Firms with weaker profitability faced
constrained leverage and higher cost of capital, delaying sustainability investments and losing
competitive ground.
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Second, the uni-directional causality from interest coverage to profitability proves revealing
in retrospect. Mills in our 2009—2018 sample with robust debt servicing capacity (high interest
coverage ratios) possessed financial flexibility to absorb the investment risks of modernizing
toward sustainable production lines in 2020-2024. Their strong capacity to cover interest
obligations enabled them to take on new capex without threatening cash flows. Conversely,
firms with weaker coverage faced financing constraints when sustainability investments
became economically necessary.

Third, the low levered beta values and narrow confidence intervals in Table 6 (0.80—-0.93)
reflect a relatively low-volatility, commodity-driven sector during the pre-transition decade.
The index-level stability during 2009-2018 masks the increased volatility firms would face
post-2020: raw material cost swings, energy price fluctuations, working capital pressures, and
supply chain disruptions. As volatility increased, the Hamada equation's predictions may shift;
future research extending this analysis to 2024-2026 should test whether the risk-leverage
relationships documented here remain stable.

Conclusion

This study investigates the capital structure of the Indian paper industry during a deliberate and pivotal
time window: 2009-2018, a decade of relative stability before the sector's transformation toward
sustainable packaging and technology-driven operations. Using panel data from 19 BSE-listed firms
and employing rigorous econometric methods ADF testing, Johansen co-integration, VECM modeling,
Granger causality, and Hamada equation validation we establish a comprehensive foundational
baseline of how profitability, leverage determinants, and firm risk interrelate in this industry.

Our key findings are fourfold. First, all chosen variables (Profitability, ROA, EPS, ROCE, Interest
coverage, Payout Ratio, Observed Beta, Levered Beta) are stationary and normally distributed,
confirming data quality and suitability for econometric analysis. Second, strong co-integration exists
among these variables, indicating that profitability, leverage, and risk move together in a long-run
equilibrium a fundamental insight for theory and practice. Third, bi-directional causality between
ROA/ROCE and profitability reveals that return on assets and returns on capital employed reinforce
overall firm profitability in a mutually reinforcing system. Fourth, the Hamada equation holds robustly
(significance < 0.05), validating theoretical predictions linking unlevered risk, leverage, taxation, and
systematic risk.

Critically, this study establishes the capital structure architecture of the Indian paper industry precisely
at an inflection point. The dataset is clean, stable, and undisrupted capturing the sector before post-
2020 shocks transformed competitive dynamics. By establishing this baseline now, as the industry's
trajectory has become visible, we enable meaningful comparison: researchers can measure how firms'
capital structure decisions in 2020-2026 deviated from pre-transition norms, and why those deviations
matched or diverged from the relationships documented here. Firms with strong profitability-leverage
relationships and robust interest coverage in our 2009-2018 sample have demonstrated greater agility
in sustainability investments and competitive adaptation post-2020. This is not coincidence but
structural: financial strength built during stable conditions enables flexibility during disruption.

Future research should extend this analysis to 2024-2026 data to test whether the Hamada equation
and VECM relationships remain robust under elevated volatility and structural change. Exploring
heterogeneity across firm size, production segment (newsprint, packaging, specialty), geography, and
sustainability investment intensity would further illuminate how the industry's capital structure
landscape has evolved. Such work will build directly on the foundation this study establishes a

ISBN code : 978-81-999803-0-3 P:

[0

o
Q
@)

>}



<>
sdmimd

Shri Dharmasthala Manjunatheshwara Institute for Management Development, Mysuru, India
14th International Conference on Emerging Trends in Corporate Finance and Financial Markets (IFC 2026) --October 29" & 30th 2026

foundation unique in its temporal positioning: not a retrospective analysis written with hindsight bias,
but a pre-transition baseline created precisely when the paper industry stood at its crossroads.

Limitations and Future Scope

This study is conducted over a 10-year period focused exclusively on the Indian paper industry. The
analysis is limited to firms listed on the BSE; unlisted mills and unorganized sector players are not
included. Missing data points were excluded, and only the seven explanatory variables listed were
examined. Further research can extend the analysis to more recent periods (2019-2026) to test how
relationships have shifted, can incorporate additional variables (operating efficiency, working capital
management, dividend policy), and can examine different emerging sectors to perform comparative
analysis.
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